Objectives: Two cross-sectional studies were undertaken on workers in a beverage processing plant to investigate the association between low H 2 O 2 exposure and symptoms of irritation (2005 study) and to investigate the effect of wearing respiratory protection (2006 study). Methods: The study comprised 69 workers exposed to H 2 O 2 in sterile chambers and 65 unexposed controls. The exposure was assessed from measurements and work task information from employment records. The severity of work-related symptoms was evaluated using questionnaires. Data were analyzed by the Student's t-test, multiple linear regression and analysis of variance for repeated measures of symptoms. Results: Symptoms of eye, nose and throat irritation were significantly (P < 0.001) more severe among exposed workers compared to controls. Exposure values were occasionally above American Conference of Governmental Industrial Hygienists (ACGIH) threshold limit value-time-weighted average (TLV-TWA) in the sterile chambers. The relationship between the severity of symptoms and the number of entrances in the chambers was significant (P < 0.0001) in 2005 but not in 2006, when respirators were used during work in the sterile chamber. No differences were found between exposed who entered a sterile chamber in 2005 but not in 2006 and exposed who entered a sterile chamber both in 2005 and 2006. This suggests that respirators provided an efficient protection and that the irritative effects of exposure to H 2 O 2 in 2005 did not disappear after 1 year. Conclusions: The source of risk was exposure in the sterile chamber, even though the time of exposure was generally only $30 min. To ensure complete worker protection, there is a need for a short-term exposure limit for H 2 O 2 in addition to the existing ACGIH TLV-TWA value.
Introduction
Hydrogen peroxide (H 2 O 2 ) is a gas commonly used in industry for disinfection, bleaching and as a general oxidizing agent. A number of organizations have published values on maximum allowable concentrations. The American Conference of Governmental Industrial Hygienists (ACGIH) states a TLV-timeweighted average (TWA) of 1 p.p.m. (1.4 mg m À3 ) (ACGIH, 2008) . This value is based mainly on results from mice inhalation studies suggesting that 1 p.p.m. would be sufficient for protection against irritation ( Gagnaire et al., 2002) . The German Research Foundation has proposed a maximum allowable concentration (MAK) value of 0.5 p.p.m. (0.74 mg m À3 ) (DFG, 2008) and in UK, the value suggested by the Health and Safety Executive was 1 p.p.m. for a TWA 8-h exposure and 2 p.p.m. as a short-term exposure level (STEL) (HSE, 2005) . The database for the values cited above is, however, rather meager and some data indicate that these threshold values do not provide optimal protection for the workers. Rough skin on the hands and decolorized hairs were observed in workers exposed to H 2 O 2 concentrations ,1 p.p.m. (Suenaka et al., 1984) .
In a previous study in a beverage processing plant, lung function was examined in workers exposed to *Author to whom correspondence should be addressed. Tel: þ39-049-821-2543; fax: þ39-049-821-2542; e-mail: giuseppe.mastrangelo@unipd.it airborne H 2 O 2 at levels in compliance with the ACGIH TLV-TWA value (Mastrangelo et al., 2005) . The findings suggested that exposure did not induce lung function changes and thus supported the TLV-TWA value. In spite of this, the workers at the plant reported widespread work-related symptoms from the eyes and upper airways, suggesting that the value was not sufficient for complete worker protection.
In view of this, new studies were undertaken on the workers in the same bottling plant to (i) assess the presence of work-related symptoms related to H 2 O 2 exposure and (ii) investigate the possible beneficial effect of wearing respiratory protection.
Methods

Plant characteristics and study subjects
There were two major sections in the plant. One included several aseptic bottling departments each having a built-in sterile chamber, in which 65 workers were regularly exposed to H 2 O 2 . The other consisted of several lines of automatic bottling of mineral water, where 69 workers unexposed to H 2 O 2 acted as controls. The work task descriptions for each worker were provided by the plant management.
Measurements of H 2 O 2
The measurements of H 2 O 2 were performed once a year in 2005 and 2006 by means of stationary air samplers located 150 cm above the floor in several areas of the beverage bottling lines (sterile chamber, dressing room used to change for personal protective equipment, cap room and production lines). In addition, personal samplers (Escort Elf Pump, MSA Company, Pittsburgh, PA, USA) were used in the sterile chamber during the short interventions of maintenance, lasting in average 30 min.
The samples were analyzed for their content of H 2 O 2 using an occupational hygiene standard method (INRS, 2008) . Using concentrations obtained from stationary air samplers, a TWA level was calculated on the basis of the time spent in the corresponding areas of the plant, according to information provided by the unions and plant managers. The concentration values from personal samplers were reported as task-length average.
Symptom studies
In the first study, the 65 workers exposed to H 2 O 2 were compared with the 69 unexposed workers. The presence of symptoms was determined using a standardized questionnaire on irritation in the eyes, nose, throat and skin. The symptoms experienced during the last week were graded for severity using a numerical score from 1 to 10 (1 5 none and 10 5 unbearably severe symptoms). The 10-point visual analog scale was reported in the questionnaire beside each symptom. Smoking habits were explored. The subjects completed the questionnaires themselves in September 2005 independently from the H 2 O 2 measurements.
In the second study, to evaluate the effectiveness of a prevention measure, workers were encouraged to wear respirators (full-face mask, equipped with filter A1B1E1K1 suitable for organic gases and vapors, inorganic gases, acid gases and ammonia; Willson respiratory protectors, Santa Ana, CA, USA) when working in the sterile chambers. Workers for this study were recruited from the same group of workers who participated in the symptoms study in 2005, and of these, 60 exposed and 58 unexposed participated. The same questionnaire as in 2005 was used to assess the extent of symptoms. A second questionnaire investigating the actual use of respirators was completed by workers who worked in the sterile chambers in 2006. Both questionnaires were self-administered after a brief presentation in December 2006.
Statistical analysis
The statistical analyses were performed using the SPSS system and comprised the calculations of (i) Multiple linear regression models (one for each symptom), in which the severity score was the dependent variable, while the independent variables were age, gender, smoking, hours spent in the bottling line and number of occasions having entered a sterile chamber from July 2004 to June 2005 (unexposed workers were scored as 0). With 24 symptoms and 11 risk factors, the possible associations were 264 (5 24 Â 11). In order to avoid random significances, the Bonferroni method was used to decrease the alpha level of each individual statistical test. A P-value of 0.0001 was chosen for significance to ensure that the overall risk for a number of tests remained $0. The airborne levels were lognormally distributed (W equal to 0.92, P 5 0.49 and 0.99 and P 5 0.99, for the log-transformed values measured along bottling lines and sterile chambers, respectively) and homogenous among workers (chisquare 4.90, P 5 0.42). Table 2 reports a breakdown of the workers examined in relation to background variables. Most of the variables were similar in the two groups except the proportion of smokers which was higher in the exposed group. Table 3 shows that workers exposed to H 2 O 2 reported more severe symptoms compared to controls. Statistically significant (P , 0.001) differences were found for teary eyes, sore eyes, redness of eyes, throat irritation, nasal secretion, nasal obstruction, nasal itching, sneezes and cough. Table 4 shows that there was a significant (P 5 0.0001) exposure-effect relationship between the number of entries in a sterile chamber in the past 12 months and the severity of sore eyes, teary eyes, redness of eyes, nasal secretion and throat irritation.
Regarding the second study, where the workers were encouraged to wear respirators before entering sterile chambers, adherence was accomplished by 38 of 40 workers ever entering sterile chambers. There were no significant exposure-effect relationships between the number of entries in the sterile chamber and severity of symptoms (data not shown). Figure 1 illustrates the severity score in relation to the year of study (2005 and 2006) .
In groups 1 and 2, the average severity was always just $2 (mild or occasional symptoms). In the groups 3 and 4, it was $4 (steady but easily tolerable) for nasal symptoms and roughly 6 (moderately bothersome-hard to tolerate) for eye symptoms. The four lines represent the time trend of a particular symptom (sore eyes, redness of eyes, teary eyes, nasal secretion, sneezes and nasal itching) in each group of workers. The trend lines are overlapping or very close for groups 1 and 2, as well as for groups 3 and 4. For workers wearing respirators during work in sterile chambers in 2006 (group 4), the scores were lower in 2006 than in 2005 for eye symptoms resulting in downward time trend lines. In the same group, the upward time trend for nasal symptoms could not be related to exposure since a parallel trend was observed in all groups, including unexposed workers.
At analysis of variance for repeated measures (the F 2 -test with 3 and 113 degrees of freedom), values were 14.46, 13.35, 15.93, 13.17, 8.14, 7.81 and 6.51 for sore eyes, redness of eyes, teary eyes, nasal secretion, throat irritation, sneezes and nasal itching, respectively (always P , 0.001). Table 5 shows the difference between the means of symptom severity as well as the P-values (the posthoc test of Bonferroni) at the pairwise comparisons of the four groups of workers. Significant differences in the severity of symptoms were found between control workers and those wearing respirators during work in sterile chambers. This could not be explained by the H 2 O 2 exposure (Fig. 1 ). There were no significant differences between groups 1 and 2, suggesting that exposure along the bottling lines was most likely acceptable. Likewise there were no differences between groups 3 Exposure to hydrogen peroxide in a beverage processing plant 163 and 4, which suggests that respirators provided an effective protection, but also that the irritative effects of exposure to H 2 O 2 in 2005 did not disappear after 1 year.
Discussion
The study has certain shortcomings. The number of workers is relatively small. Because of the strict criteria for significance, some of the differences between the groups could have been real although they did not meet the criteria for the P-value used.
The workers were aware of the aims of the study and had themselves initiated the study on symptoms. There is thus a possibility that the extent of and severity of symptoms could be biased. Even if some bias were present, the symptom profile corresponds to what could be expected after exposure to a highly reactive gas in relatively small amounts. This suggests that the reporting was relevant. Furthermore, previous studies in other environments have shown that a standardized questionnaire to record work-related symptoms will yield valid data (Rylander et al., 1990) . We thus feel that the symptoms reported in the questionnaires to a large extent represent a real effect among the workers.
Pulmonary effects by H 2 O 2 have been described previously in a 41-year-old dairy worker, exposed chronically to an aerosol of hydrogen peroxide (41 mg m À3 ) (Kaelin et al., 1988) . The absence of such effects in workers exposed to H 2 O 2 in the bottling plant examined here is probably due to the lower exposure level (Mastrangelo et al., 2005) . The absence of work-related symptoms among workers wearing respiratory protection could be due to a decrease of the inhaled dose, although it cannot be excluded that the lower average levels in 2006 could play a role. On the other hand, peak values according to the upper limit of confidence interval (Table 1) The symptoms reported by the workers appeared after a relatively brief exposure period (30 min in average). The effect is explainable from a physiological point of view as H 2 O 2 is a highly reactive gas where the adverse effects develop quite quickly. The results from the study thus support the need for a short-term exposure limit for full protection of the workers.
The TLV-STEL is the concentration to which workers can be exposed continuously for a short period of time and a value of 2 p.p.m. for 30 min has been suggested in the UK (HSE, 2005) and by the European Union (SCOEL, 2008) . STEL values may also be set as TLV-ceiling values. In view of the results from our exposure measurements (Table 1) and the very rapid effect induced by H 2 O 2 , it is prudent to suggest a STEL value at 2 p.p.m. for a 15 min period to provide a satisfactory protection of workers exposed to H 2 O 2 .
Conclusions
The source of risk was exposure in the sterile chamber, even though the time of exposure was generally only $30 min. The presence of symptoms among the workers entering the sterile room even for short period suggests that there is a need for a short-term exposure limit for H 2 O 2 exposure. Post-hoc test of Bonferroni (P-value) for the pairwise comparisons of symptoms (means of severity) in the four groups of workers. Group 1, unexposed workers; group 2, workers exposed to H 2 O 2 along the bottling lines but never entered a sterile chamber; group 3, exposed who entered a sterile chamber in 2005 but not in 2006 and group 4, exposed who entered a sterile chamber both in 2005 and 2006.
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